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Kinet in/Auxin Ratio and Development of Chloroplasts in Tissue Cultures of D a u c u s  carota 

I n  a p rev ious  art icle1 we h a v e  s h o w n  t h a t  t i s sue  cul- 
t u r e s  of D a u c u s  carota on s y n t h e t i c  m e d i u m  m a i n t a i n  
the i r  wh i t e  colour  in t he  p resence  of t he  h o r m o n e  2, 4-di- 
ch lo ro -phenoxy-ace t i c  acid (2,4-D). E lec t ron  m i c r o s c o p y  
s tud ies  h a v e  s h o w n  tha t ,  u n d e r  these  e x p e r i m e n t a l  condi-  
t ions,  t h e  d e v e l o p m e n t  of ch lo rop las t s  is a r r e s t ed  a t  t he  
s t age  of ' in i t ia l s  of p rop la s t id s ' .  On  t he  o the r  ha nd ,  
ch lo rop las t s  are  f o rmed  in t he  presence  of k ine t in  (K) a nd  
indole-3-acet ic  acid (IAA)I Our  d a t a  agree w i t h  those  
o b t a i n e d  b y  LAETSCH a n d  STETLER 2 on a s t r a i n  of 
N i c o t i a n a  t a b a c u m  in t he  p resence  of n a p h t h a l e n e - a c e t i c  
acid a n d  k ine t in .  At  th i s  s t age  the re  are 2 poss ible  ex- 
p l a n a t i o n s  a b o u t  t he  d e v e l o p m e n t  of ch lo rop las t s :  e i ther  
t he re  is an  i n h ib i t i ng  effect  of t he  aux ins ,  or a s t i m u l a t i n g  
effect  of k ine t in .  U n f o r t u n a t e l y ,  it  is no t  poss ible  to  grow 
cal lus  cu l tu res  in t he  p resence  of k ine t in  alone,  s ince t h e  
on ly  cu l tu re s  w h i c h  can  grow in the  absence  of a u x i n s  are 
the  ' cu l tu res  anergi6es '3 .  These  cu l tu res  canno t ,  however ,  
be used  for our  purpose ,  s ince t h e y  are be l ieved to p roduc e  
e n d o g e n o u s  aux ins .  

W e  h a v e  there fore  s t u d i e d  t he  d e v e l o p m e n t  of e x p l a n t s  
of D a u c u s  carota in t he  p resence  of d i f fe ren t  a m o u n t s  of 
k ine t in  a n d  aux ins .  Cal lus  cu l tu re s  ob t a ined  f rom the  root  
of D a u c u s  carota h a v e  been  s u b c u l t u r e d  for a 2-year  
per iod  on W h i t e ' s  m e d i u m  4 s u p p l e m e n t e d  b y  2,4-D 
(0.1 rag/l). Cal lus  f r a g m e n t s  h a v e  been  g rown in con- 
t i n u o u s  l igh t  on MURASHIGE a n d  SKOOG 5 m e d i u m  or 
LINSMAIER a n d  SKOOG 6 m e d i u m .  The  a m o u n t  of k ine t in  
in these  m e d i a  var ies  f r om 0-5 mg/1. The  a m o u n t  of aux in ,  
w h e n  in t h e  fo rm  of 2, 4 -u  va r ies  f r om 0.1-1 rag/l,  a nd  in 
t he  fo rm  I A A  f r o m  0.1-5 rag/1. 

Cal lus  f r a g m e n t s ,  we igh ing  300-400 rag, h a v e  been  
t r a n s p l a n t e d  on f resh  m e d i u m  eve ry  10th  day,  and  h a v e  
been  we ighed  a f te r  30 d a y s  of cul ture .  On  t he  s a m e  day,  
t he  a m o u n t  of green p i g m e n t  p r e s e n t  in  each  cu l tu re  ha s  
been  e v a l u a t e d  b y  c o m p a r i s o n  of t he  i n t e n s i t y  of colour  
of d i f fe ren t  f r a g m e n t s .  (It  is n o t  poss ible  to  q u a n t i f y  these  
f indings ,  s ince t h e  d i s t r i b u t i o n  of p i g m e n t a t i o n  is no t  
h o m o g e n e o u s  t h r o u g h o u t  t h e  callus.)  F igu re  i shows  t he  
pe r cen t ag e  of we igh t  increase  and  a m o u n t  of green  pig- 
m e n t  p r e s e n t  in s a m p l e s  g rown  on ~URASHIGE a nd  
SKOOG 5 m e d i u m  (MS) in t he  p resence  of d i f fe rent  a m o u n t s  

of K a n d  iAA. Figure  2 shows  the  pe rcen t age  of we igh t  
increase  a n d  t h e  a m o u n t  of p i g m e n t a t i o n  in s a m p l e s  
g rown  on MS in the  presence  of d i f fe ren t  c o n c e n t r a t i o n s  
of K a nd  2, 4-D. F igure  3 refers  to t h e  resu l t s  o b t a i n e d  on 
e x p l a n t s  g rown on LINSMAIER a nd  SKOOG 6 m e d i u m  (LS) 
in t h e  p resence  of K a n d  I A A  
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Fig. 2. Percentage of weight increase of Daucus carota callus samples 
grown on MS medium in the presence of K and 2,4-D (ing/1). The 
closer the distance between the lines, the more intense the green 
colour of samples. 
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Fig. 1. Percentage of weight increase of Daucus carota callus samples 
grown of MS medium in the presence of K and IAA (mg/1). The closer 
the distance between the lines, the more intense the green colour of 
samples. 
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Fig. 3. Percentage of weight increase of Daucus carota callus samples 
grown on LS medium in the presence of K and IAA (mg/1). The 
closer the distance between the lines, the more intense the green 
colour of the samples. 
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Under  these  3 d i f ferent  expe r imen ta l  condi t ions  t he  
a m o u n t  of p igm en t  seems to  be re la ted to  the  ra t io  
k ine t in /aux in ;  more  specifically, chloroplasts  different ia-  
t ion  is enhanced  by  high re la t ive concen t ra t ion  of K, 
while it  is i ndependen t  of the  absolute  a m o u n t  of auxin  
and  kinet in.  Cultures grown on LS med ium show a 
higher  ra te  of p igmenta t ion .  This  medium,  however ,  does 
no t  influence the  effect  of t he  hormona l  ra t io  be tween  
k ine t in  and auxin.  Figure  4 shows the  increase in weigh t  
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of t he  exp lan t s  grown in t he  presence  of K and  IAA on 
MS. This graph  clear ly shows tha t ,  in the  range of hor-  
mone  concen t ra t ions  which  have  been used, t he  increase 
in weigh t  is s t r ic t ly  d e p e n d e n t  on the  a m o u n t  of K p resen t  
and  i n d e p e n d e n t  of t he  a m o u n t  of auxineV. 

Riassunto .  Nel l ' in ten to  di s tabi l i re  i f a t to r i  responsabi l i  
del d i f fe renz iamento  dei c loroplast i  in cuIture di t essu to  
di Daucus  carola, sono s taff  eseguit i  e sper iment i  al fine di 
scegliere t r a  le 3 ipotesi  possibil i :  la ch ine t ina  s t imola  la 
formazione  dei c loroplast i ;  le auxine  inibiscono la forma-  
zione dei cloroplast i ;  il d i f fe renz iamento  dei  c loroplast i  
d ipende  dal r appor to  ch ine t ina /aux ina ,  ind ipenden te -  
m e n t e  dalla quanti t& assoluta  dei 2 ormoni .  S id imos t ra  che 
ques t ' u l t ima  ipotesi  ~ corre t ta .  
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Is t i tuto di Genetica, Universitd di Roma,  
1-00785 Roma (Italy), 24 November 7969. 

Fig. 4. Increase in weight of the expIants grown on MS medium in 
the presence of different amounts of K and IAA. 7 The technical help of G. CONTI is gratefully acknowledged. 

P R O  E X P E R I M E N T I S  

N o u v e a u x  r 6 s u | t a t s  h p r o p o s  de l ' h i s t o l o g i e  n e r v e u s e  c h e z  l e s  I n v e r t 6 b r 6 s  

Tout  r6cemment ,  le t echn ique  de f ixa t ion-colora t ion  de 
MAILLET nous clonna de nouveaux  r6sultats.  Ceux-ci ont  
permis  de v6rifier l ' hypothbse  que nous fornlulions au- 
p a r a v a n t  en vue de pr6coniser son ut i l isat ion dans  les 
t r avaux  d 'his tologie  du sys t6me nerveux p6riph6rique 
chez les inver t6brds .  Gr&ce h ce t te  mdthode,  nous ~ avons  
pu d4crire diverses s t ruc tures  nerveuses  au niveau des 
palpes labiaux d 'Anodonla  (Mollusque Lamel l ibranche) .  
En t r e t emps ,  MAILLET et al. 2,a publ ibrent  des 6tudes 
cr i t iques conce rnan t  l 'u t i l i sa t ion et  les l imites de ce t te  
technique.  Ils t en t6 ren t  d ' en  expl iqucr  la port6e his to-  
chimique  gr&ce & l 'u l t ramicroscopie .  Malgr6 les interpr6-  
ta t ions  r6centes soulev6es par  W 1 E N K E R  4, EBNER et 
N I E B A U E R  5, P E L L E G R I N O  d e  IRALDI  et G U I E U D E T 6 , . . .  

cet te  dernibre ques t ion  reste  controvers6e.  
Nous avons aussi utilis6 la t echnique  de MAILLET chez 

les Ar thropodes .  Une colorat ion convenable  du t issu 
nerveux  para i t  trbs difficile ~ obteni r  dans  ce mat6riel  
zoologique. Nos essais d6mont re ra ien t  l ' impor tance  du 
r ev6 temen t  ch i t ineux  qui cons t i tue ra i t  par  sa s t ruc tu re  et  
sa nature ,  une sorte  de <~barri6re~ vis-&-vis des propri6t6s 
particuli6res de colorat ion propre  au m41ange osmi6. 

Chez Daphn ia  pu lex  (Crustac6 Cladoc6re), nous avons  
ob tenu  des r6sul tats  in t6ressants  u n i q u e m e n t  et  seule- 
m e n t  aprbs avoir  endommag6  ou d6capit6 les an imaux  
d 'exp6rience.  Des fibres nerveuses  var iqueuses  impr6gn6es 
par  le MAILL~ET peuven t  ~tre observ6es dans  le protoc6r6- 
b rum et la commissure  cesophagienne.  Un groupe ven t ra l  
de 4 cellules neuro-s6cr6trices est  mis cn 6vidence. Le 
deutoc6r6brum poss4de une affinit6 part iculi6re pour  le 
m61ange f ixateur .  E n  p6riph6rie, une fibre musculai re  est 

enserr6e par  une te rmina i son  nerveuse  (Figure 1). 
L ' i n t e s t i n  mon t re  un r6seau dense d'414nlents osmiophi les  
et  ne rveux  (Figure 2). S imul tan6ment ,  des an imaux  
intacts ,  utilisds comme t6moins,  fu ren t  fix6s dans  des 
condi t ions  ident iques .  Les p r @ a r a t i o n s  microscopiques  
ind iqubrent  une bonne  conserva t ion  des t issus fix6s, mais  
aucun 616ment nerveux  n ' a  pu 6tre mis  en 6vidence. 

Chez Tenebrio molitor ([nsecte Col6optbre), seuls les 
organes diss6qu6s et  extirp6s ont  donn6 de bons  r6sul tats  ; 
ainsi la Figure 3 mo n t r e  de fines t e rmina i sons  var iqueuses  
au tour  des fibres nmsculai res  du proventr icule .  

Au cours de nos inves t iga t ions  v i san t  5~ inventor ie r  les 
groupes zoologiques auxquels  la t echn ique  de MAILLET 
pour ra i t  6tre utilis6e, nous nous sommes  a t tach4s  & 
plusieurs  e m b r a n c h e m e n t s :  les Coelent6r6s, les Ann61ides, 
les Mollusques et  les Ar thropodes .  Chez les Ccelent6r6s 
(Hydraires ,  Siphonophores ,  Autom6duses) ,  la t echn ique  
ne nous donna  aucun r6sul ta t  int6ressant .  Jusqu'& pr6sent ,  
les Ann61ides et  les Mollusques nous  on t  r6v616 les 
meilleurs r6sul tats  pa r  la r6gularit6 et  la finesse de 
colorat ion des 616ments nerveux.  
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